Husch A, Moritz P, Fusca D, Paeger L, Kloppenburg P. Distinct electrophysiological properties in subtypes of nonspiking olfactory local interneurons correlate with their cell type-specific Ca 2ϩ current profiles. J Neurophysiol 102: 2834 -2845. First published September 16, 2009 doi:10.1152/jn.00627.2009. A diverse population of local interneurons (LNs) helps to process, structure, and spatially represent olfactory information in the insect antennal lobe. In Periplaneta americana, we identified two subtypes of nonspiking local interneurons (type II LNs) by their distinct morphological and intrinsic electrophysiological properties. As an important step toward a better understanding of the cellular mechanisms that mediate odor information processing, we present a detailed analysis of their distinct voltage-activated Ca 2ϩ currents, which clearly correlated with their distinct intrinsic electrophysiological properties. Both type II LNs did not posses voltage-activated Na ϩ currents and apparently innervated all glomeruli including the macroglomerulus. Type IIa LNs had significant longer and thicker low-order neurites and innervated each glomerulus entirely and homogeneously, whereas type IIb LNs innervated only parts of each glomerulus. All type II LNs were broadly tuned and responded to odorants of many chemical classes with graded changes in the membrane potential. Type IIa LNs responded with odor-specific elaborate patterns of excitation that could also include "spikelets" riding on the depolarizations and periods of inhibition. In contrast, type IIb LNs responded mostly with sustained, relatively smooth depolarizations. Consistent with the strong active membrane properties of type IIa LNs versus type IIb LNs, the voltage-activated Ca 2ϩ current of type IIa LNs activated at more hyperpolarized membrane potentials and had a larger transient component.
. A diverse population of local interneurons (LNs) helps to process, structure, and spatially represent olfactory information in the insect antennal lobe. In Periplaneta americana, we identified two subtypes of nonspiking local interneurons (type II LNs) by their distinct morphological and intrinsic electrophysiological properties. As an important step toward a better understanding of the cellular mechanisms that mediate odor information processing, we present a detailed analysis of their distinct voltage-activated Ca 2ϩ currents, which clearly correlated with their distinct intrinsic electrophysiological properties. Both type II LNs did not posses voltage-activated Na ϩ currents and apparently innervated all glomeruli including the macroglomerulus. Type IIa LNs had significant longer and thicker low-order neurites and innervated each glomerulus entirely and homogeneously, whereas type IIb LNs innervated only parts of each glomerulus. All type II LNs were broadly tuned and responded to odorants of many chemical classes with graded changes in the membrane potential. Type IIa LNs responded with odor-specific elaborate patterns of excitation that could also include "spikelets" riding on the depolarizations and periods of inhibition. In contrast, type IIb LNs responded mostly with sustained, relatively smooth depolarizations. Consistent with the strong active membrane properties of type IIa LNs versus type IIb LNs, the voltage-activated Ca 2ϩ current of type IIa LNs activated at more hyperpolarized membrane potentials and had a larger transient component.
I N T R O D U C T I O N
The insect antennal lobe (AL) is the first synaptic relay that processes olfactory information and is the analog of the vertebrate olfactory bulb (reviewed in Davis 2004; Hildebrand and Shepherd 1997; Strausfeld and Hildebrand 1999; Vosshall and Stocker 2007; Wilson 2008; Wilson and Mainen 2006) . The olfactory receptor neurons of the antennae, each expressing a single functional receptor gene, send their axons to the AL, where they collate by receptor type and converge into specific glomeruli. In the glomeruli, they provide synaptic input to projection neurons and local interneurons (LNs). The projection neurons relay information to higher-order neuropiles including the lateral lobe of the protocerebrum and the mushroom bodies. The LNs mediate complex inhibitory and excitatory interactions between glomeruli to structure the olfactory representation in the AL, which ultimately shapes the tuning profile of projection neurons (Olsen and Wilson 2008; Olsen et al. 2007; Root et al. 2007; Sachse and Galizia 2002; Shang et al. 2007; Silbering and Galizia 2007; Stopfer et al. 1997; Tanaka et al. 2009; Wilson and Laurent 2005; Wilson et al. 2004) .
Recently, it has become increasingly clear that LNs, which historically have been regarded as mostly GABAergic and inhibitory, are more heterogeneous than previously thought. In addition to GABA, they may also contain and release various peptides, biogenic amines (reviewed in Homberg and Müller 1999; Nässel and Homberg 2006; Schachtner et al. 2005 ) and acetylcholine (Shang et al. 2007 ). Accordingly LNs can also be excitatory, as shown recently (Olsen et al. 2007; Root et al. 2007; Shang et al. 2007; Silbering and Galizia 2007) . Additionally, LNs have very different intrinsic electrophysiological properties. In Periplaneta americana, we identified two LN types with distinctive physiological properties: 1) spiking type I LNs that generated Na ϩ -driven action potentials on odor stimulation and exhibited GABA-like immunoreactivity (GABA-LIR) and 2) nonspiking type II LNs, in which odor stimulation evoked depolarizations, but no Na ϩ driven action potentials (Husch et al. 2009 ). Type II LNs did not express voltage-dependent transient Na ϩ currents and accordingly would not trigger transmitter release by Na ϩ -driven action potentials. Ninety percent of type II LNs did not exhibit GABA-LIR. Type I LNs had arborizations in many, but not all, glomeruli. The density of processes varied between glomeruli of a given type I LN. Type II LNs apparently had processes in all glomeruli. The density and distribution of arborizations was similar in all glomeruli of a given type II LN but varied between different type II LNs.
The distinct intrinsic firing properties of type I and type II LNs were reflected in functional parameters of their voltageactivated Ca 2ϩ currents (I Ca ). In type II LNs synaptic release could not be triggered by action potentials, and, consistent with graded synaptic release, the voltage for half-maximal activation of I Ca was more hyperpolarized in the type II LNs. These marked physiological differences between the two LN types imply consequences for their computational capacity, synaptic output kinetics, and thus their function in the olfactory circuit.
In this paper, we further differentiate subtypes of nonspiking LNs in P. americana by their distinct morphology and physiological properties. We found differences in the innervation pattern of the glomeruli, the size and branch pattern of neurites, odor responses, and the properties of voltage-activated calcium currents between different type II LNs.
M E T H O D S
Animals and materials P. americana were reared on a diet of dry rodent food, oatmeal, and water in crowded colonies at 27°C under a 13:11-h light/dark photoperiod regimen. All experiments were performed with adult males. All chemicals, unless stated otherwise, were obtained from Applichem (Darmstadt, Germany) or Sigma-Aldrich (Taufkirchen, Germany) in "pro-analysis" purity grade.
Intact brain preparation
The intact brain preparation was based on an approach described previously (Demmer and Kloppenburg 2009; Husch et al. 2009; Kloppenburg et al. 1999a) , in which the entire olfactory system was left intact. The animals were anesthetized by CO 2 , placed in a custom built holder and the head with antennae was immobilized with tape (Extrapower Gewebeband, Tesa, Hamburg, Germany). The head capsule was opened by cutting a window between the two compound eyes at the bases of the antennae. The brain with antennal nerves and antennae attached was dissected from the head capsule in "normal" extracellular saline and pinned in a Sylgard-coated (Dow Corning, Midland, MI) recording chamber. To gain access to the recording site and facilitate the penetration of pharmacological agents into the tissue, we desheathed parts of the AL using fine forceps. Some preparations were also enzyme treated with a mixture of collagenase (8 units/ml; LS004194, Worthington, Lakewood, NJ) and dispase (0.7 units/ml; LS02100, Worthington) or a combination of papain (0.3 mg/ml; P4762, Sigma) and L-cysteine (1 mg/ml; 30090, Fluka) dissolved in normal extracellular saline [ϳ3 min, room temperature (RT)]. For the recordings, the somata of the AL neurons were visualized with a fixed stage upright microscope (BX51WI, Olympus, Hamburg, Germany) using a ϫ40 water-immersion objective (UMPLFL, ϫ40, 0.8 numerical aperture, 3.3 mm working distance; Olympus) and IR-DIC optics (Dodt and Zieglgänsberger 1994) .
Whole cell recordings
Whole cell recordings were performed at 24°C following the methods described by Hamill et al. (1981) . Electrodes with tip resistances between 3 and 5 M⍀ were fashioned from borosilicate glass (0.86 mm ID, 1.5 mm OD; GB150-8P, Science Products, Hofheim, Germany) with a vertical pipette puller (PIP5, HEKAElektronik, Lambrecht, Germany or PP-830, Narishige, Tokyo, Japan). For current-clamp recordings, the pipettes were filled with "normal" intracellular saline containing (in mM) 190 K-aspartate, 10 NaCl, 1 CaCl 2 , 2 MgCl 2 , 10 HEPES, and 10 EGTA adjusted to pH 7.2 (with KOH), resulting in an osmolarity of ϳ415 mOsm. During the experiments, if not stated otherwise, the cells were superfused constantly with normal extracellular saline containing (in mM) 185 NaCl, 4 KCl, 6 CaCl 2 , 2 MgCl 2 , 10 HEPES, and 35 D-glucose. The solution was adjusted to pH 7.2 (with NaOH) and to 430 mOsm (with glucose). To isolate the Ca 2ϩ currents a combination of pharmacological blockers and ion substitution was used that has been shown to be effective in central olfactory neurons of the cockroach (Demmer and Kloppenburg 2009; Husch et al. 2008 Husch et al. , 2009 and in other insect preparations (Heidel and Pflüger 2006; Kloppenburg and Hörner 1998; Kloppenburg et al. 1999a,b; Schäfer et al. 1994) . Transient voltage-gated Na ϩ currents were blocked by TTX (10 Ϫ7 M, T-550, Alomone, Jerusalem, Israel). 4-Aminopyridine (4-AP; 4 ϫ 10 Ϫ3 M, A78403, Aldrich) was used to block transient K ϩ currents (I A ) and tetraethylammonium (TEA; 2 ϫ 10 Ϫ2 M, T2265, Sigma) blocked sustained K ϩ currents (I K(V) ) and Ca 2ϩ -activated outward currents (I O(Ca) ). To compensate for changes in osmolarity, the glucose concentration was appropriately reduced. In the pipette solution, Kaspartate was substituted with CsCl to eliminate unblocked K ϩ currents. Whole cell voltage-and current-clamp recordings were performed with an EPC9 patch-clamp amplifier (HEKA-Elektronik) controlled by the program Pulse (version 8.63, HEKA-Elektronik) running under Windows. Most electrophysiological data were sampled at intervals of 100 s (10 kHz); tail currents were sampled at 20 kHz. The recordings were low-pass filtered at 2 kHz with a four-pole Bessel filter. Compensation of the offset potential and capacitive currents was performed using the "automatic mode" of the EPC9 amplifier. Whole cell capacitance was determined by using the capacitance compensation (C-slow) of the EPC9. Cell input resistances (R M ) were calculated from voltage responses to hyperpolarizing current pulses. The calculated liquid junction potential between intracellular and extracellular solution was also compensated (15.4 mV for normal and 4.8 mV for calcium extra-/intracellular saline; calculated with Patcher's-PowerTools plug-in from http://www.mpibpc.gwdg.de/abteilungen/140/ software/index.html for Igor Pro 6, Wavemetrics, Portland, OR). To remove uncompensated leakage and capacitive currents, a p/6 protocol was used (Armstrong and Bezanilla 1974) . Voltage errors caused by series resistance (R S ) were minimized using the R S compensation of the EPC9. R S was compensated between 50 and 70% with a time constant () of 2 s. Stimulus protocols used for each set of experiments are given in RESULTS.
The voltage dependence of activation of I Ca was determined by a tail current analysis. The normalized I-V curves were fit with a first-order (n ϭ 1) and fourth-order (n ϭ 4) Boltzmann equation of the form
where I max is the maximal current, V is the voltage of the test pulse, I is the current at voltage V, and s is a slope factor. For the first-order Boltzmann fit V act (ϭV 0.5act ) is the voltage of half-maximal activation of the peak current. For the fourth-order Boltzmann fit, V act is the voltage at which half-maximal activation of the individual gating steps occurs, assuming a fourth-order relation for activation (Hodgkin and Huxley 1952) . The steady-state inactivation curves, scaled as a fraction of the maximal current, were fit to a first-order Boltzmann equation (Eq. 1), where V act is the voltage for half-maximal inactivation (V 0.5inact ). To separate and quantify the fast and slow components of inactivation during maintained voltage steps, inactivation kinetics were fitted with a double exponential function of the form
where A 1 and A 2 are relative amplitudes of the faster and slower exponential components, c is the steady-state component of the current, and 1 and 2 are the decay time constants of the corresponding exponential components.
Data analysis
We used the software Pulse (version 8.63, HEKA-Elektronik), Igor Pro 6 (Wavemetrics, including the Patcher's PowerTools plug-in), and SigmaStat (version 3.10, Systat Software, Chicago, IL) for analysis of electrophysiological data. All calculated values are expressed as mean Ϯ SD. To determine differences in means of parameters between different cell types, unpaired t-test were performed. In cases in which tests for normality or equal variance failed, a Mann-Whitney rank sum test was used. To test for differences between more than two groups, ANOVA was performed. A significance level of 0.05 was accepted for all tests.
Odor stimulation
We delivered odors using a continuous air flow system. Carbonfiltered, humidified air flowed continuously across the antenna at a rate of 2 l/min (main airstream) through a glass tube (10 mm ID) placed perpendicular to and within 20 -30 mm of the antennae. Odors were quickly removed with a vacuum funnel (3.5 cm ID) placed 5 cm behind the antenna. Five milliliters of the liquid odorants (pure or diluted in mineral oil; M8410, Sigma) were filled in 100-ml glass vessels. During a 500-ms odor stimulus, 22.5 ml of the vessel's volume were injected into the airstream. To ensure a continuous air flow volume across the preparation, the air delivering the odor was redirected from the main airstream by a solenoid valve system. The solenoids were controlled by the D/A interface of the EPC9 patchclamp amplifier and the Pulse software. The odorants were adjusted with mineral oil to a final volume of 5 ml. The concentration was adjusted to the odorant with the lowest vapor pressure (eugenol). Strips of filter paper were used to facilitate evaporation. Dilutions were as follows: ␣-ionone 72.2% (I12409, Aldrich), Ϯ citral 1.5% (C83007, Aldrich), eugenol 100% (E51791, Aldrich), geraniol 78.2% (48799, Fluka), and hexanol 1.1% (52830, Fluka). The headspace of pure mineral oil was used as control stimulus (blank). Odor stimuli arrived Ն60 s apart.
Single cell labeling
To label single cells, 1% biocytin (B4261, Sigma) was added to the pipette solution. After the recordings, the brains were fixed in RotiHistofix (P0873, Carl Roth, Karlsruhe, Germany) for ϳ12 h at 4°C and rinsed in 0.1 M Tris-HCl buffered solution (TBS; pH 7.2, 3 times for 10 min each time). To facilitate the streptavidin penetration, the brains were treated with a commercially available collagenase/dispase mixture (1 mg/ml; 269638, Roche Diagnostics, Mannheim, Germany) and hyaluronidase (1 mg/ml; H3506, Sigma-Aldrich) in TBS (20 min, 37°C), rinsed in TBS (3 times for 10 min each time, 4°C) and incubated in TBS containing 1% Triton X-100 (30 min, RT; Serva, Heidelberg, Germany). Afterward, the brains were incubated in Alexa Fluor 633 (Alexa 633)-conjugated streptavidin (1:600, 1-2 days, 4°C; S21375, Molecular Probes, Eugene, OR) that was dissolved in TBS containing 10% normal goat serum (S-1000, Vector Labs, Burlingame, CA). Brains were rinsed in TBS (3 times for 10 min each time, 4°C), dehydrated, cleared, and mounted in methylsalicylate (M6752, Sigma-Aldrich).
Sectioning and microscopy
After taking images of the whole-mount preparations, the brains were rinsed in 100% ethanol for 10 min to remove the methylsalicylate, rehydrated, and rinsed in TBS (three times for 10 min each time). The brains were embedded in agarose (4% in TBS, 11380, Serva, Heidelberg, Germany), and 100 m frontohorizontal sections were cut in TBS with a vibratome (Leica VT1000 S, Heidelberg, Germany). The slices were rinsed in H 2 O, dried on coated slides (0.05% chromealum [60151, Fluka/Sigma] and 0.5% gelatin [4078, Merck, Darmstadt, Germany]), treated with xylene for 10 min and mounted in Permount (SP15B, Fisher Scientific, Fair Lawn, NJ). Fluorescence images were captured with a confocal microscope (LSM 510, Carl Zeiss, Göttingen, Germany) equipped with Plan-Neofluar ϫ10 (0.3 NA), Plan-Apochromat ϫ20 (0.75 NA), and Plan-Apochromat ϫ63 (1.4 NA Oil) objectives. Streptavidin-Alexa 633 was excited with a He-Ne Laser at 633 nm, and emission was collected through a 650-nm LP filter. Scaling, contrast enhancement, and z-projections were performed with ImageJ v1.35d and the WCIF plug-in bundle (www. uhnresearch.ca/facilities/wcif/). Morphological data were analyzed using Amira 4.1.2 (Visage Imaging, Berlin) and the Skeleton Tree plug-in (Evers et al. 2004 ). The final figures were prepared with Photoshop and Illustrator CS4 (Adobe Systems, San Jose, CA).
R E S U L T S
Our goal was to identify and classify distinct subtypes of nonspiking LNs by morphological and physiological parameters. Here, we define nonspiking LNs as neurons that do not generate Na ϩ -driven action potentials and that do not posses voltage-activated, transient Na ϩ currents. In regard to the classification of Husch et al. (2009) , they are type II LNs. Although all type II LNs share many common features, they also have distinct anatomical features, suggesting the existence of type II LN subtypes.
This study is based on recordings and subsequent single cell labeling of 50 nonspiking olfactory LNs. Whole cell patchclamp recordings were performed under visual control from cell bodies in the dorsal portion of the ventrolateral somata group (VSG) (Distler et al. 1998) . These dorsally located somata of various sizes belonged mostly to a heterogeneous group of LNs, which differ markedly in their morphology and physiological properties (Husch et al. 2009 ). The electrophysiological parameters of the two neuron types are summarized in Table 1 .
Classification and identification of neurons
Classification of nonspiking LN subtypes is based on the following properties: 1) morphological features, including the glomerular innervation pattern and the size and branching pattern of neurites ( Fig. 1) , 2) responses to a set of five odors (␣-ionone, Ϯ citral, eugenol, geraniol, and hexanol ( Fig. 2) , and 3) electrophysiological properties determined by current injection protocols, whole cell current profiles, and voltageactivated Ca 2ϩ currents . Morphological characteristics that differentiated the nonspiking LNs will be described first, followed by the comparison of their general electrophysiological properties and the voltage-activated Ca 2ϩ currents. Two types of nonspiking olfactory LNs (type II LNs) that we refer to as type IIa and type IIb LNs can be differentiated based on the above criteria. Every type II LN apparently had processes 
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Electrophysiological parameters of nonspiking type IIa and type IIb local interneurons (LNs). Values are given as mean Ϯ SD. *Parameters that have significantly different values in type IIa and type IIb LNs (P Ͻ 0.05). V act †, voltage at which half-maximal activation of the individual gating steps occurs; s act †, slope factor of the individual gating steps, assuming a fourth-order relation for activation (fourth-order Boltzmann relation). in all glomeruli, including the macroglomerulus. The density and distribution of arborizations were similar in all glomeruli of a given type II LN (Figs. 1, A and B, 3A, and 4A; Supplementary Figs. S1 and S2; Supplementary Videos S1 and S2), 1 but the distribution and density of processes within a given glomerulus, and the overall branching pattern of the neurites clearly differed between the type II LN subtypes (Fig. 1) . The type IIa LN innervation pattern of the glomeruli was homogeneous across all the glomeruli, and the entire glomerulus was innervated (Figs. 1A and 3A; Supplementary Fig. S1 ; Supplementary Video S1). Type IIb LNs innervated each glomerulus only in part, often in a layer-like fashion (Figs. 1B and 4A; Supplementary Fig. S2 ; Supplementary Video S2).
The branch pattern and size of the primary and low-order neurites of type IIa and type IIb LNs were also distinctive (Fig.  1) . In type IIa LNs, the neurites branched off the primary neurite in a regular, hierarchical pattern and the neurites eventually ended at the glomeruli (Fig. 1A3 ). Type IIb LNs had a branching pattern where multiple glomeruli were connected in a serial manner by thin neurites (Fig. 1B3) . In type IIa LNs, the branch pattern resulted in similar neuritic distances and a similar number of branch points between the glomeruli and the soma: for ϳ95% of the glomeruli, there were three to six branch points between the soma and a given glomerulus. The different branch pattern of type IIb LNs resulted in a more variable and potentially higher number of branch points between soma and glomeruli (Fig. 1C) .
In general, the lower-order neurites were longer and thicker in type IIa as shown in Fig. 1D . The first-to ninth-order neurites (except third order) of type IIa LNs were significantly longer and thicker than in type IIb LNs (P Ͻ 0.001). This difference is particularly striking for the primary neurite (Fig. 1, A1, B1, and D) . Type IIa LNs always had a clearly defined primary neurite (length: 62.6 Ϯ 20.2 m; diameter: 7.4 Ϯ 3.2 m; n ϭ 5; Fig. 1, A1 and D) , whereas the primary neurite was significantly shorter in type IIb LNs (length: 15.1 Ϯ 6.8 m; diameter ϭ 3.4 Ϯ 2.4 m; n ϭ 5; P ϭ 0.001; Fig. 1, B1 and D) , where it was sometimes barely recognizable (Fig. 1B1 ). (LNs) . The morphology of the recorded neurons was shown by staining via the recording pipette. Type II neurons had arborizations apparently in all glomeruli, including the macroglomerulus. The density and distribution of processes were similar in all glomeruli of a given neuron but varied within the glomeruli between neurons, as did the length and branching pattern of low-order neurites. A1: type IIa LN (145-m image stack). All glomeruli were homogeneously innervated, which is shown in A2. B1: type IIb LN (109-m image stack). All glomeruli were only partially innervated, which is shown in B2. A3 and B3: scheme of a type IIa and type IIb LN to show the different branching pattern. C: distribution of the number of branch points between the soma and randomly selected individual glomeruli from type IIa LNs (5 neurons; 117 glomeruli) and type IIb LNs (5 neurons; 166 glomeruli). D: length and diameter of the primary and the consecutive higher-order neurites (numbers indicate the order) of type IIa and type IIb LNs. First-to 9th-order neurites (except 3rd order) were significantly longer and thicker in type IIa LNs (P Ͻ 0.05 for each order). Scale bars: A1 and B1, 100 m; A2 and B2, 50 m.
General electrophysiological properties of type II LNs
As we previously described (Husch et al. 2009 (Fig. 3, C2 and C3), suggesting strong active membrane properties. Confirming our previous studies (Husch et al. 2009 ), we never detected fast, transient, TTX-sensitive Na ϩ currents in type II LNs, even when all other voltage-activated currents were blocked to isolate I Na and to make the neuron electrotonically more compact. In type IIa LNs, voltage steps to between Ϫ55 and Ϫ40 mV from a holding potential of Ϫ80 mV induced an inward current (Fig. 3D ) that was previously identified as a voltage-activated Ca 2ϩ current (Husch et al. 2008 ). This observation is remarkable because in most neuron types the voltage-activated Ca 2ϩ currents are masked by large outward K ϩ currents in absence of K ϩ channel blockers (Benkenstein et al. 1999; Kloppenburg and Hörner 1998; Kloppenburg et al. 1999a,b; Schäfer et al. 1994) . These Ca 2ϩ currents were of relatively large amplitude and are described in more detail below. In type IIb LNs voltage-activated Ca 2ϩ currents were only visible when non-Ca 2ϩ currents were blocked (cf. Fig. 4D and 5A ). In both cell types, greater depolarizing voltage steps to between Ϫ40 and 0 mV evoked dominating outward K ϩ currents (Figs. 3D and 4D) . In most recordings, the outward current oscillated at the beginning of the voltage step (Figs. 3D and 4D) . In a previous study (Husch et al. 2009 ), we showed that such oscillations were insensitive to even high concentrations of TTX (10 Ϫ4 M) but were blocked by Cd 2ϩ (5 ϫ 10 Ϫ4 M), indicating that they were generated by the interplay of outward K ϩ and inward Ca 2ϩ currents. Note that the neurons are electrotonically not very compact when no channel blockers are applied. Type IIa and type IIb LNs had (Husch et al. 2008 ). To characterize I Ca for these experiments, the neurons were superfused with saline containing TTX (10 Ϫ7 M), 4-AP (4 ϫ 10 Ϫ3 M), and TEA (2 ϫ 10 Ϫ2 M). In the intracellular pipette solution, K ϩ was replaced with Cs ϩ . The membrane potential was clamped at Ϫ80 mV.
The current-voltage (I-V) relation of the peak I Ca was determined by voltage steps between Ϫ80 mV and 40 mV in 5 mV increments (Fig. 5, A and B) . The voltage dependence for activation of I Ca was determined from tail currents, which are independent of the changing driving force during a series of varying voltage pulses. Tail currents were evoked by 5-ms voltage steps between Ϫ80 and 20 mV in 10-mV increments (Fig. 5, C and D) . The I-V relations of the tail currents were fit with a first-order (n ϭ 1) and fourth-order (n ϭ 4) Boltzmann relation (Eq. 1). To measure steady-state inactivation 500-ms prepulses were delivered in 5-mV increments from Ϫ95 to Ϫ5 mV, followed by a test pulse to Ϫ5 mV, and the peak currents were determined. The I-V curves were fit with a first-order Boltzmann equation (Eq. 1; Supplementary Fig. S3 ).
I Ca in type IIa LNs
In type IIa LNs, I Ca started to activate with voltage steps more depolarized than Ϫ55 mV (Fig. 5, A and B) . The peak current reached its maximum amplitude (I Camax ) of 3.5 Ϯ 0.9 nA at Ϫ8 Ϯ 8 mV (n ϭ 6) and decreased at higher voltages as the driving force for Ca 2ϩ declined (Fig. 5, A and B) . The I-V relation of the tail currents (Fig. 5, C and D) , fit with a first-order Boltzmann equation, showed a voltage for halfmaximal activation (V 0.5act ) of Ϫ22 Ϯ 5 mV (s act ϭ 8 Ϯ 2; n ϭ 6). A fourth-order Boltzmann fit showed a half-maximal voltage for each of the individual gating steps at Ϫ40 Ϯ 5 mV (s act ϭ 11 Ϯ 3; n ϭ 6). The maximum amplitude of the tail currents (I Ca,tailmax ) determined from Boltzmann fits was 4 Ϯ 0.9 nA (n ϭ 6), which corresponded to a maximal conductance (G max ) of 27 Ϯ 4 nS (assuming E Ca ϭ 160 mV). Given a mean whole cell capacitance (C M ) of 115 Ϯ 26 pF (n ϭ 6), this . The neuron innervated all glomeruli, including the macroglomerulus. All glomeruli were homogeneously innervated, which is shown in A2. B and C: current-clamp. Odor stimulation (B) and injection of depolarizing current (C1-C3) did not induce overshooting action potentials. B: odor stimulation induced a graded depolarization and spikelets that were not Na ϩ driven. Responses are odor specific and reproducible during repetitive stimulation with the same odorant. C1: the neuron showed rectification during injection of large depolarizing currents. C2 and C3: examples of two type IIa LNs in which depolarizing current injections induced nonlinear depolarizations. D: voltage-clamp. D1: whole cell recording of (mainly) voltage-activated currents in normal saline. Depolarizing voltage steps from a holding potential of Ϫ80 mV did not elicit transient, TTXsensitive Na ϩ currents. Voltage steps to membrane potentials to between Ϫ55 and Ϫ40 mV showed an inactivating Ca 2ϩ current, which is shown with higher magnification in D2. More depolarizing voltage steps to membrane potentials between Ϫ35 and 0 mV evoked outward K ϩ currents with transient and sustained components. We showed previously (Husch et al. 2009 ) that the oscillations at the beginning of these voltage steps could be blocked by Cd 2ϩ (5 ϫ 10 Ϫ4 M). MG, macroglomerulus. Scale bars: A1 and A2, 100 m.
corresponded to a current density (I Ca,tailmax C M Ϫ1 ; I Ca,tailmax A M Ϫ1 ) of 360 Ϯ 110 pA/pF (0.4 Ϯ 0.1 pA/m 2 ) and a conductance density of 250 Ϯ 70 pS/pF (2.5 Ϯ 0.7 nS/m 2 ). Steady-state inactivation started at prepulse potentials around Ϫ75 mV and increased with the amplitude of the depolarizing prepulse ( Supplementary Fig. S3 ). The I-V relationship had a voltage for half-maximal inactivation (V 0.5inact ) of Ϫ26 Ϯ 9.9 mV (s inact ϭ 15.1 Ϯ 5.4; n ϭ 6).
During depolarizing voltage steps I Ca activated relatively quickly and decayed during a maintained voltage step with a short ( 1 ) and long time constant ( 2 ) (Fig. 6) . The activation and inactivation kinetics were voltage-dependent. The time to peak decreased from 6.6 Ϯ 2 ms at Ϫ30 mV to 1.8 Ϯ 0.6 ms at 30 mV (P Ͻ 0.001; n ϭ 5; Fig. 6B ). The two decay time constants were voltage independent (for 1 , P ϭ 0.24; for 2 , P ϭ 0.105; ANOVA; Fig. 6, C1 and D1) . Averaged from Ϫ40 mV to 30 mV (5 neurons) the short time constant ( 1 ) was 15.4 Ϯ 10.8 ms and the long time constant ( 2 ) was 97 Ϯ 104 ms. While the two decay time constants were voltage independent, we found that the absolute amplitude and the relative contribution of the fast inactivating component to the total current was strongly voltage dependent (Fig. 6C2) . Its maximal amplitude (A 1 ) of 2.8 Ϯ 1.4 nA was reached at ϳ Ϫ25 mV (n ϭ 5; Fig. 6C2 ). In this voltage range it contributed more than 70% to the total Ca 2ϩ current, which resulted in very fast net inactivation kinetics of the total I Ca . The amplitude of the slow inactivating component (A 2 ) was weakly voltage dependent and reached its maximum of 1.4 nA Ϯ0.5 nA at ϳ5 mV (n ϭ 5; Fig. 6D2 ).
I Ca in type IIb LNs
In type IIb LNs I Ca started to activate with voltage steps more depolarized than Ϫ45 mV (Fig. 5, A and B) . The peak current reached its maximum amplitude (I Camax ) of 2.4 Ϯ 0.7 nA at Ϫ7 Ϯ 7 mV (n ϭ 6; Fig. 5, A and B) . The I-V relation of the tail currents (Fig. 5, C and D) , fit with a first-order Boltzmann equation, showed a voltage for half-maximal activation (V 0.5act ) of Ϫ17 Ϯ 4 mV (s act ϭ 4.8 Ϯ 0.8; n ϭ 6; Fig.  5D ). A fourth-order Boltzmann fit revealed a half-maximal voltage for each of the individual gating steps at Ϫ28 Ϯ 4 mV (s act ϭ 6 Ϯ 1; n ϭ 6). The tail currents had a maximal amplitude of 2.6 Ϯ 1 nA (n ϭ 6), which corresponded to a mean maximal conductance (G max ) of 17 Ϯ 7 nS. Based on a whole cell capacitance (C M ) of 75 Ϯ 15 pF (n ϭ 6), this corresponded to a current density (I Ca,tailmax C M -1 ; I Ca,tailmax A M -1 ) of 350 Ϯ 120 pA/pF (0.4 Ϯ 0.1 pA/m 2 ) and a conductance density of 230 Ϯ 80 nS/pF (2.3 Ϯ 0.8 nS/m 2 ). Steady state inactivation started at prepulse potentials around Ϫ70 mV with a voltage for half-maximal inactivation (V 0.5inact ) of 25.7 Ϯ 9.8 mV (s inact ϭ 10.9 Ϯ 2.8; n ϭ 5; Supplementary  Fig. S3 ).
As in type IIa LNs, activation and inactivation kinetics were voltage dependent (Fig. 6) . The time to peak decreased from 23 Ϯ 11 ms at Ϫ30 mV to 2.9 Ϯ 1 ms at 30 mV (n ϭ 6; P ϭ 0.002; Fig. 6B ). The two decay time constants were voltage independent (for 1 , P ϭ 0.339; for 2 , P ϭ 0.305; ANOVA; Fig. 6, C1 and D1) . Averaged from Ϫ40 to 30 mV (6 neurons) the short time constant ( 1 ) was 22 Ϯ 24 ms and the long time constant ( 2 ) was 175 Ϯ 132 ms. The absolute amplitude of the fast inactivating component and its relative contribution to the total current was only weakly voltage dependent. It contributed not more than ϳ40% to the total I Ca , which resulted in slower net inactivation kinetics compared with type IIa LNs. Its maximal amplitude (A 1 ) of 0.8 Ϯ 0.6 nA was reached at approximately Ϫ20 mV (n ϭ 6; Fig. 6C2 ). The amplitude of the slow inactivating component (A 2 ) was weakly voltage dependent and reached its maximum of 1.2 Ϯ 1.1 nA at approximately Ϫ20 mV (n ϭ 6; Fig. 6D2) . The neuron innervated apparently all glomeruli, including the macroglomerulus. In contrast to type IIa LNs, each glomerulus is only partially innervated as shown in A2. B and C: current-clamp. Odor stimulation (B) and injection of depolarizing current (C) did not induce overshooting action potentials. B: odor stimulation induced graded, sustained, relative smooth depolarizations. The responses were weakly odor specific and very consistent during repetitive stimulation. C: the neuron showed rectification during injection of large depolarizing currents, but never generated overshooting, Na ϩ -driven action potentials. D: voltage-clamp: recording of (mainly) voltage-activated currents in normal saline. Depolarizing voltage steps from a holding potential of Ϫ80 mV evoked outward K ϩ currents with transient and more sustained components. In contrast to type IIa LNs, we did not observe inward Ca 2ϩ currents without blocking the large K ϩ outward currents. We have shown previously (Husch et al. 2009 ) that the oscillations at the beginning of these voltage steps could be blocked by Cd 2ϩ (5 ϫ 10 Ϫ4 M). MG, macroglomerulus. Scale bars: A1 and A2, 100 m.
Differences in I Ca between type IIa and type IIb LNs
In type IIa and type IIb LNs, the current waveforms and physiological properties of I Ca were typical and in the range of voltage-activated Ca 2ϩ currents of other insect neurons (for more details, see DISCUSSION). However, a statistical comparison showed significant differences in physiologically important parameters, including the voltage dependence of activation, the maximal current amplitude, and the activation and inactivation kinetics during a voltage pulse (for summary see Table 1 ). In type IIa LNs, I Ca activated at more hyperpolarized membrane potentials compared with type IIb LNs (Fig. 5, B  and D) . The voltage where the first gating step occurred (as determined by the V act from the fourth-order Boltzmann fit to the activation curves) was 12 mV more hyperpolarized in type IIa LNs (V act ϭ Ϫ40 Ϯ 5 mV; n ϭ 6) than in type IIb LNs (V act ϭ Ϫ28 Ϯ 4 mV; n ϭ 6; P Ͻ 0.001). In type IIa LNs, the maximal amplitude of I Ca was significantly larger (I Camax ϭ 3.5 Ϯ 0.9 nA; n ϭ 6) compared with type IIb LNs (I Camax ϭ 2.4 Ϯ 0.7 nA; n ϭ 6; P ϭ 0.046; Fig. 5, A and B) . The larger amplitude of I Ca in type IIa LNs, however, was put into perspective when we compared the current densities (I Camax A M Ϫ1 ), which were similar in both cell types (type IIa LN: I Camax A M Ϫ1 ϭ 0.4 Ϯ 0.1 pA/m 2 ; n ϭ 6 and type IIb LN: I Camax A M Ϫ1 ϭ 0.3 Ϯ 0.1 pA/m 2 ; n ϭ 6; P ϭ 0.82). We also found differences in the kinetics of I Ca between both LN types (Fig. 6) . Between Ϫ30 and 25 mV, the time to peak of I Ca was significantly shorter in type IIa LNs than in type IIb LNs (P Ͻ 0.05; 5 type IIa LNs; 6 type IIb LNs; Fig. 6B ). Although I Ca decayed with two time constants ( 1 and 2 ), which were not voltage dependent in both cell types (Fig. 6, C1 and D1) , the amplitude and relative contribution of the fast inactivating component was larger in type IIa LNs (P Ͻ 0.05 for each potential between Ϫ30 and Ϫ10 mV; Fig. 6C2 ). Accordingly, the net inactivation kinetics of I Ca was faster in type IIa LNs compared with type IIb LNs (Figs. 5A and 6A).
D I S C U S S I O N
In combined morphological and electrophysiological studies, we identified two classes of nonspiking LNs with distinct morphological features and distinct active membrane properties. In accordance with our previous work (Husch et al. 2009 ), we named them type IIa LNs and type IIb LNs. The specific functional properties of I Ca in both classes of nonspiking LNs correlated clearly with the active membrane properties of both LN types. Type IIa LNs with a large transient I Ca component had stronger active membrane properties compared with type IIb LNs, in which this transient current component was significantly less pronounced.
Although many studies have shown that LNs play an important role for olfactory information processing in the insect olfactory system (Sachse and Galizia 2002; Stopfer et al. 1997; Tanaka et al. 2009; Wilson and Laurent 2005; Wilson et al. 2004) , the possibility that distinct LN subtypes perform differ- All means are based on 6 type IIa LNs and 6 type IIb LNs. A: example current traces for steady-state activation of I Ca from a type IIa LN and a type IIb LN. The holding potential was Ϫ80 mV, and neurons were depolarized for 50 ms to Ն40-in 5-mV increments. Note that the current amplitude was larger and that the current decayed faster in the type IIa LN than in the type IIb LN. B: I-V relations of I Ca recorded from type IIa and type IIb LNs. In type IIa LNs, the peak current reached its maximum amplitude (I max ) of 3.5 Ϯ 0.9 nA at Ϫ8.3 Ϯ 8.2 mV. In type IIb LNs, the I max of 2.4 Ϯ 0.7 nA was reached at Ϫ6.7 Ϯ 6.8 mV. The inset shows the normalized I-V relations between Ϫ60 and Ϫ5 mV to better show differences in the voltage dependence of activation (for a quantitative comparison, see the tail current analysis). C and D: tail current analysis of I Ca . C: example current traces for steady-state activation of tail currents (I Ca,tail ) from a type IIa LN and a type IIb LN. The holding potential was Ϫ80 mV, and neurons were depolarized for 5 ms to 50 mV in 10-mV increments. D: I-V relations of tail currents. Before averaging, the tail currents were normalized to the maximum tail current of each cell. Curves are first-order Boltzmann fits with the following parameters: type IIa LN, V 0.5act ϭ Ϫ22 Ϯ 5 mV; s act ϭ 8 Ϯ 2; and type IIb LN, V 0.5act ϭ Ϫ17 Ϯ 4 mV; s act ϭ 5 Ϯ 1. Inset: in type IIa LNs, the voltage where half-maximal activation for each of the individual gating steps occurred (determined from a fourth-order Boltzmann fit) was significantly more hyperpolarized than in type IIb LNs (type IIa LN: V act ϭ Ϫ40.3 Ϯ 4.9 mV; type IIb LN: V act ϭ Ϫ27.7 Ϯ 4.2 mV; P Ͻ 0.001).
ent tasks during olfactory processing has not been explored in detail. In P. americana, we recently characterized two LN types with distinct physiological properties (Husch et al. 2009 ): 1) type I LNs that generated Na ϩ -driven action potentials on odor stimulation and 2) type II LNs that did not express voltage-dependent transient Na ϩ currents and accordingly did not fire action potentials and presumably depend on graded transmitter release. These marked physiological differences suggest important differences in their computational properties and synaptic output kinetics. It also implies that in the AL information is processed in parallel by LNs that use action potentials and LNs that use analog signals for intercellular communication.
With this previous work as a starting point, we identified two subpopulations of nonspiking LNs that differ not only in their morphology but also in their active membrane properties and in their responses to odors. Although type IIb LNs responded to odors with relatively simple, uniform depolarizations, type IIa LNs generated more complex changes in the membrane potential that often gave rise to spikelets. Synaptic input certainly contributes to shaping the odor responses, but the complex membrane depolarizations and the spikelet generation suggest well-developed active membrane properties in type IIa LNs. The strong active membrane properties correlate highly with the specific properties of I Ca in type IIa LNs.
Voltage-activated Ca 2ϩ currents
The voltage-activated Ca 2ϩ currents (I Ca ) in both nonspiking LN types share important functional similarities but also show significant functional differences. In both cell types, I Ca started to activate at membrane potentials around or below Ϫ50 mV ( Fig. 5) and had a transient and a more sustained component (Fig. 6) . The low activation threshold and the sustained I Ca component are consistent with the assumption that synaptic release in these neurons is graded and regulated by analog changes in the membrane potential; this has been shown in other nonspiking neurons, for example, in leech heart interneurons (Angstadt and Calabrese 1991; Ivanov and Calabrese 2000, 2006; Lu et al. 1997) The traces show the differences in activation and inactivation kinetics of I Ca in both LN types. I Ca was induced by 250-ms pulses from a holding potential of Ϫ80 mV to test potentials from Ϫ60 to Ϫ20 mV in 10-mV increments. B: time to peak current. The activation kinetics was voltage dependent in both LN types. In type IIa LNs, the time to peak decreased from 6.6 Ϯ 2 ms at Ϫ30 mV to 1.8 Ϯ 0.6 ms at 30 mV (P Ͻ 0.001). In type IIb LNs, the time to peak decreased from 23 Ϯ 11 ms at Ϫ30 mV to 2.9 Ϯ 1 ms at 30 mV (P ϭ 0.002). Between Ϫ30 and 25 mV, the time to peak of I Ca in type IIa LNs was significantly shorter than in type IIb LNs (P Ͻ 0.05). C1 and D1: decay time constants. I Ca decayed with a short ( 1 ) and a long ( 2 ) time constant. The two decay time constants were voltage-independent in both LN types (type IIa LNs: for 1 , P ϭ 0.24; for 2 , P ϭ 0.105; type IIb LNs: for 1 , P ϭ 0.339; for 2 , P ϭ 0.305, ANOVA mechanosensory system of the locust's thoracic ganglion (reviewed in Burrows 1996) . Besides similarities, we also showed several functional differences of I Ca between both nonspiking type II LNs, among which the differences in the voltage dependence for activation and in the amplitude of the transient component are physiologically the most relevant. I Ca started to activate at significantly more hyperpolarized membrane potentials in type IIa than in type IIb LNs. In addition, the nonspiking LNs differ in their inactivation kinetics. During a maintained voltage pulse, I Ca inactivated with two time constants that were similar in both cell types. In type IIa LNs, however, the absolute amplitude and the relative contribution to the total current of the transient component were significantly larger (Fig. 6) . As a consequence, the current inactivated more quickly in the type IIa than the IIb LNs (Figs. 5A and 6A) . The low activation threshold and the large transient component of I Ca in type IIa LNs are likely to contribute significantly to the active membrane properties that include the generation of Ca 2ϩ driven spikelets in this cell type. Together the low activation threshold and the large transient component might also mediate highly nonlinear membrane properties that boost and sharpen excitatory postsynatic potentials (EPSPs), even at hyperpolarized membrane potentials. Ca 2ϩ currents mediating graded synaptic transmission have been most comprehensively studied in leech heart interneurons (Angstadt and Calabrese 1991; Ivanov and Calabrese 2000, 2006; Lu et al. 1997) , where they have a relatively hyperpolarized activation range with an activation threshold of Ϫ55 mV (Angstadt and Calabrese 1991). Similar to our type IIa LNs, Angstadt and Calabrese (1991) described two kinetically different components of I Ca . Simultaneous recordings of preand postsynaptic neurons showed a strong correlation between the two voltage-dependent Ca 2ϩ current components and the biphasic waveform of the postsynaptic current, suggesting that both the transient and sustained components of the Ca 2ϩ currents contribute directly to transmitter release.
In vertebrates, Ca 2ϩ currents are functionally classified into low voltage-activated (LVA or T-type, with activation starting above approximately Ϫ70 mV) and high voltage-activated (HVA; activation starting above approximately Ϫ30 mV) classes. HVA subtypes such as L-, P/Q-, N-, and R-type are defined by their biophysical and pharmacological properties (Ertel et al. 2000; Hille 2001; Triggle 2006) . With their threshold for activation around or below Ϫ50 mV, the Ca 2ϩ currents of nonspiking LNs start to activate at relatively hyperpolarized membrane potentials compared with I Ca in many other insect neurons (Benquet et al. 1999; Byerly and Leung 1988; Hayashi and Levine 1992; Heidel and Pflüger 2006; Kloppenburg and Hörner 1998; Kloppenburg et al. 1999b; Laurent et al. 1993; Pearson et al. 1993; Saito and Wu 1991; Schäfer et al. 1994; Wicher and Penzlin 1994, 1997) and fall into the functional class of low voltage-activated Ca 2ϩ currents. It is, however, difficult to match the pharmacological classification of vertebrate Ca 2ϩ currents with the I Ca in AL neurons of P. americana (Husch et al. 2008) or other invertebrate neurons, as reviewed by King (2007) .
It is obvious that voltage-clamp recordings from the soma cannot achieve perfect voltage control across the whole, complex LN. However, blocking all voltage-activated currents except I Ca made the neurons electrotonically more compact and the waveforms of I Ca did not indicate voltage control problems (e.g., no delay of current onset, no jumps in the voltage dependence). We conclude that the recorded I Ca originates mostly from well voltage-clamped regions of the neuron, suggesting that the differences in voltage dependence of activation of I Ca indeed reflect functional differences in I Ca between the two cell types. This argument is supported by previous studies, in which recordings from acutely dissociated, perfectly spherical cell bodies of (unidentified) AL neurons showed versions of I Ca that were virtually identical to the currents recorded from LNs in the intact brain (Husch et al. 2008 (Husch et al. , 2009 .
Local interneurons in olfactory information processing
Nonspiking local interneurons have been studied in great detail in other sensory systems of insects including the mechanosensory system in the locust's thoracic ganglion (reviewed in Burrows 1996) . In the insect olfactory system the precise physiological and computational roles of the LN subtypes remain to be determined. However, the distinctive physiological characteristics of the LN types, which include different types of spiking and nonspiking neurons, imply important consequences for their computational properties and the olfactory processing that they perform. The LNs differ in intrinsic firing characteristics that determine their signal conducting and integrative properties and also vary in their Ca 2ϩ currents, possibly leading to different kinetics and time scale of synaptic transmitter release.
The precise synaptic organization, which determines the synaptic input and output regions of the neuron, can only be shown by electron microscopic studies. However, some hypotheses about the synaptic input and output regions of the LNs can be formed from our confocal images. The spiking type I LNs, for example, expressed different branching patterns in different glomeruli, suggesting a polar organization with defined input and output regions (see also Distler and Boeckh 1997) . According to this hypothesis, the synaptic input from a defined receptive field (e.g., 1 or a few glomeruli) would be integrated at a local spike initiation zone into action potential firing that would spread to other innervated glomeruli and provide a defined set of glomeruli with synaptic input. In this model, glomeruli could interact independently of their distance: not only nearest-neighbor glomeruli could interact, but also glomeruli that are distributed throughout the entire AL. The spiking, inhibitory, GABAergic type I LNs are a concrete example. In contrast, type II LNs have very similar branching patterns in all glomeruli, suggesting that they can receive synaptic input from all innervated glomeruli. However, during odor stimulation, synaptic input from olfactory receptor neurons will be typically restricted to certain glomeruli, in which graded postsynaptic potentials will be generated. In type IIa LNs with strong active membrane properties, the transient I Ca component might help to boost and shape dynamic signals such as EPSPs. Such mechanisms might help to shape functional compartments, for example, for local integration or they might help to activate nearby output synapses as suggested by Laurent et al. (1993) . For nonspiking LNs with weakly active membrane properties, such as the type IIb LNs, interactions between glomeruli would be dependent of their (electrotonical) distance: potentials would spread only within the same glo-merulus or to glomeruli that are electrotonically close to the stimulated glomerulus. These scenarios are hypothetical, but seem to be testable with detailed structural, electrophysiological, and optophysiological studies together with structure and conductance-based modeling.
Historically, LNs have been regarded mostly as GABAergic, inhibitory neurons, but immunohistochemical, mass-spectrometric, and physiological studies have shown that the LNs are biochemically a more heterogeneous population of neurons than previously thought. There are LNs that contain and probably release various peptides, biogenic amines (reviewed in Homberg and Müller 1999; Nässel and Homberg 2006; Schachtner et al. 2005 ) and acetylcholine (Shang et al. 2007 ). Some LNs have been shown to provide excitatory synaptic input to follower cells (Olsen et al. 2007; Root et al. 2007; Shang et al. 2007; Silbering and Galizia 2007) . Our previous study showed that 90% of the nonspiking type II LNs do not exhibit GABA-LIR (Husch et al. 2009) . Future experiments will determine whether the different classes of LNs based on intrinsic electrophysiological properties correlate with the presence of chemically different classes of neuroactive substances that are present in LNs, which can act on significantly different timescales as transmitters or neuromodulators.
Based on physiological and morphological characteristics, we identified two types of nonspiking LNs in the AL of P. americana. Our data provide further evidence that distinct classes of LNs with functionally important differences in physiology, structure, and computational capacity contribute to odor information processing. We consider such an unequivocal identification, classification, and analysis of the component neurons as an important prerequisite for detailed understanding of how olfactory information is processed. 
